The EU energy policy sets an energy efficiency increase target of 20%, which is being implemented in the legislation of Member States in different ways. The greatest potential for energy savings of nearly 40% lies in buildings. The Spanish building sector has developed several instruments for significant savings. The purpose of this study is to analyze those instruments and their effectiveness and efficiency. In Spain, energy efficiency in buildings is improving more slowly than in other EU Member States, but the new regulation will open a new opportunity to recover the lost years. However, the current economic crisis, demotivation of its citizens, decentralization of power in energy matters and the large stock of housing for sale, impede achievement of energy efficiency goals
Introduction
According to economic theory, there is a strong relationship between energy use and economic activity in that energy, along with capital and labor, is a factor necessary for entering into production, and is therefore, one of the main motors of economic growth [1] . The term "energy efficiency" is much used in public policy, but has different meanings depending on the organization or institution that develops it. Oikonomou et al. [2] show that in some policies improvement in energy efficiency is an environmental goal with strong assumptions about the rational use of energy resources by final users and their capacity for response to its cost. Current European energy policy seeks to reach a balance in sustainable development, competiveness, and secure supply [3] , mainly by promoting energy efficiency and the use of renewable energies and other directives and documents directed at the energy sector [4] . In the Green Paper on Energy Efficiency or Doing More with Less [3] , the potential for energy savings in the European Union (EU), calculated at 20% in several different studies, was emphasized, and debate opened on how the EU as a whole could reduce its energy consumption for 2020. This potential savings is equivalent to about 390-400 Mtoe [5, 6] . Aware of this reality, the European Commission issued communication COM(2007)1, which proposed an energy policy for fighting climate change and boosting secure, competitive energy in the EU [7] . Based on the Commission proposal, the European Council approved what have become known as the 20/20/20 targets [8] , which form the basis of the EU-27 strategic energy policy goals. Among them, increase energy efficiency to achieve a goal of 20% savings in EU energy consumption.
Promotion of energy efficiency is possibly the only energy policy that contributes to all of the basic EU energy goals, because it has a direct relationship with the reduction of GHG emissions and the mitigation of climate change, management of energy security, lowering the cost of consumer energy services and improvement of economic competitiveness [9, 10] . If done in a cost-effective manner, compliance with the above EU strategic goals would contribute to [11] : increased independence from energy imports and secure supply; economic growth and job creation; reduction of GHG emissions and the harmful impact of energy generation on the environment; and improved living conditions and comfort for its citizens.
The combined effects of full implementation of existing measures and other new ones would transform our daily life and have the potential to generate financial savings of up to €1000 per household every year, improve Europe's industrial competitiveness, create up to 2 million jobs, and reduce annual greenhouse gas emissions by 740 million tons [12] .
The critical areas which currently have the highest potential for energy savings are: Energy performance requirements for products, buildings and services, energy transformation, transport, financing and pricing, energy behavior and international partnerships [11] .
The greatest energy saving potential lies in buildings. Nearly 40% of final energy consumption is in houses, offices, stores and other buildings [13] . To reduce this share, the European Commission published a Directive on Energy Performance of Buildings (EPBD) (2002/91/ EC) [14] amended by 2010/31/UE [15] , which came into force in 2010 and is being implemented in the legislation of Member States in different ways. The importance of energy efficiency policies in achieving sustainable development stresses the question of how to make these policies as effective as possible [16] .
The aim of this article is to analyze the opportunities for improving efficiency in the Spanish energy sector in relation to current European legislation. The paper is organized as follows. In Section 2, we briefly touch upon the Spanish legal framework in building sector. Section 3 analyzes the main energy efficiency indicator trends in Spain compared to other EU Member States. Then the problems and opportunities for energy efficiency in building sector are discussed in Section 4. Finally, Section 5 concludes with a summary of the main points of the analysis, and comments on the trends and future challenges of energy efficiency in Spain. [18] provides the legal framework for energy performance certification of new buildings. It assesses the building's annual primary consumption of energy, and apart from the energy rating given it, its global CO 2 emissions. The energy rating scale in Spain ranges from A (very high performance, involving a large contribution of renewable energies to building consumption) to G (low performance).
Current situation of energy efficiency regulation in Spain
This global rating depends on the building's global emissions, regardless of any existing partial ratings given energy consuming services, in terms of demand, final and primary energy consumption, and emissions.
It also provides new official software for calculating the EPC (Energy Performance Certificate) by either of two possible methods. A simplified method includes all validated procedures approved by the Certification Commission, in addition to the already existing simplified methodology for dwellings based on the 12 climate tables, and a complete method. The latter requires the use of the official software called 'CALENER'. So far, there are two different versions of CALENER, CALENER_VYP for dwellings and small tertiary buildings and CALENER_GT for large tertiary buildings.
RD 47/2007 is complete with disciplinary regulations. The EPC are mandatory for all new buildings and significant renovation (if the change in the building envelope is more than 25% or the total renovation budget is more than the cost of the building).
Royal Decree 1027/2007 of July20th, approving Thermal Building Regulation (RITE) [19] lays out the conditions to be met by heating, cooling and sanitary hot water installations for thermal comfort and hygiene, so as to achieve rational use of energy. This law covers the following aspects of heating systems in buildings: comfort and hygiene requirements; energy efficiency requirements; safety requirements; assembly; maintenance and use; inspection of building thermal systems; and disciplinary regulations.
Draft Royal Decree 2012 on Energy Performance of Buildings [20] was published in the Spanish Official State Bulletin (BOE) of June 28, 2012, and replaces Royal Decree 47/2007 regulating the certification of existing and new buildings. It will be the first one to apply to existing buildings. Specifically, it makes the EPC mandatory in buildings for rent or for sale (since January 1, 2012) and public buildings with a usable area over 500 m² (as of January 9, 2012), over 250 m² (as of July 9, 2015) and public buildings over 250 m² rented as of January 31, 2015. Another novelty is that it makes the registration of EPC mandatory in the autonomous regions.
In addition to these regulations, there have been some initiatives for improving efficiency and penetration of renewable energies in the building sector by Energy Service Companies 
Main indicators of energy efficiency in Spain
Such ex-ante assumptions must be verified with ex-post statistical data, as acquired. EU energy policy defines energy efficiency as the ratio between performance, service, goods or energy output, and energy input [22] . Streimikiene and Šivickas [4] show that the specific goals of the various EU energy policy directives are usually evaluated using quantitative indicators, and that energy efficiency is quantified using an "energy intensity" indicator [1, 9] . Energy intensity measures an economy's energy consumption and its overall energy efficiency, and therefore, if an economy becomes more efficient in its use of energy and its gross domestic product remains constant, this indicator will go down [23] , understanding that there is a situation in which energy consumption tends toward sustainability. The energy intensity ratio is preferred by economists for assessing improvements in "energy efficiency" by main sector or whole economy by illustrating the reduction in energy used to generate one unit of activity [24] . But this indicator does not show improvements in energy efficiency directly as structural changes in the economy. An aggregate energy efficiency index (ODEX) for final energy consumers was created under the ODYSSEE MURE Project, coordinated by ADEME and funded by the European Commission's Intelligent Energy Europe Programme. This index is based on a weighted average of sub-sector efficiency indices for households, transport, etc., calculated from unit energy consumption indicators, and weighted by the relative consumption of each sub-sector in the reference year. ODEX provides a more realistic proxy for energy efficiency at the aggregate level [24] . The change in energy efficiency index of Spain in the period 2000-2009 was 0.87% [25] .
The efforts made are not enough to achieve the EU goal of increasing energy efficiency by 20% by 2020. The European Commission states in its communication COM(2008)772 final [6] that current energy efficiency trends in the Member States are endangering this goal, even though the countries have applied the legislation and specific measures issued by the EU.
In the household sector, energy efficiency gains are calculated from "unit consumption trends by end use per appliance by aggregation of unit consumption indices by end-use in one index on the basis of the current weight of each mode in the sector's energy consumption" [25] . The trend in EU Member States is positive, in a range from 31.9% in Latvia to 2.4% in Slovakia in the 2000-2010 period (Fig. 1) . Spain achieved an energy efficiency gain of 12.6%, which is below the EU-27 average (15.3%). Energy consumption in an average Spanish household is 40% lower than in the EU (Fig. 1) , partly due to its mild climate, which reduces heating requirements (47% of the household energy demand). Another cause so far has been the lower appliance rate, but this underwent a noticeable increase throughout the 90s, and present levels are similar to the EU average. More modern appliances, along with other factors, such as the number of households, and the increase in the average area of dwellings, explain the increase in unit consumption in recent years. A progressive change, starting in 2001, and reinforced since 2004, has led to convergence toward the EU index up to similar levels in 2010. This trend is mainly due to more efficient appliances in households, as well as more demanding legislative requirements in the field of energy efficiency in the building sector. The economic crisis has reinforced the downward trend of the index [21] . For each end-use, the following indicators are used to measure the progress of efficiency: Space heating: unit consumption per m 2 in a normal climate (toe/m 2 ); Water heating: unit consumption per dwelling with water heating; Cooking: unit consumption per dwelling; Large electrical appliances: specific electricity consumption, in kWh/year/appliance. In Spain, the largest consumer of energy is space heating (Table 2) , with almost half of the total energy consumption per dwelling. Moreover, total energy consumption per dwelling in Spain is among the lowest of the EU Member states.
The percentage of final energy consumption for residential space heating went down in 2000-2010 by more than 10% (Table 3) , surpassed only by Latvia, Slovenia, Sweden and Cyprus in this period. This reduction is almost twice the EU. In 2005, final energy consumption in the building sector rose to 18 123 ktoe over a national total of 106 940 ktoe [26] . This figure represents 17% of national final energy consumption, of which 10 793 ktoe were in the residential sector (10% of national energy consumption) and 7 330 ktoe in the tertiary sector (7%). This means that from 2000 to 2005 final energy consumption in this sector increased 5%.
In Spain, final energy consumption in the residential sector is distributed in the average household by use in heating (41.7%), hot water (26.2%), lighting (9%) and air-conditioning (0.4%). The remaining consumption for electrical appliances (11.9%) and stoves (10.8%) is analyzed in the section on Household Appliances. Logically, these percentages varied from one climate zone to another, the impact of heating being much less in warm zones than air-conditioning, and vice versa in cold zones. 
Energy efficiency opportunities and problems in Spain
40% of total EU energy consumption is in buildings. As this sector is in continuous expansion its energy consumption increases. Therefore, two important measures in the building sector are needed to reduce the European Union's energy dependency and GHG emissions: reduction of energy consumption and use of renewable energy resources [15] .
Full implementation of existing European measures would: Make European industry more competitive; Decrease energy dependence; Contribute to economic growth and job creation; Contribute to the reduction of GHG emissions and of the harmful impact of energy generation on the environment; Save up to €1 000 per household per year; and Improve the living conditions and comfort of its citizens.
Geller and Nadel [27] believe that in view of the many barriers in any given geographic area, energy efficiency policies and programs work better if they are integrated in market transformation strategies. In this sense, the EU must work on energy demand management as an important tool for influencing the global energy market, and thereby mid-to-long-term secure energy supply [15] .
Spain has the opportunity to achieve those goals, but to do this the following problems must be solved: Make Draft Royal Decree 2012 official and mandatory; Meet legislation deadlines; Promote citizen awareness; Remove the large stock of homes for sale built under older less efficient regulations from the market so new more efficient buildings can be built; and Regulate and penalize noncompliant regions.
Draft Royal Decree 2012 requires EPC for existing buildings for sale or rent. This would: Report on the energy efficiency status of existing buildings, allowing possible ways to save energy; Advise owners on energy optimization, and issue EPCs labeling A, B or C for one-level improvement, and in case of D, E, F or G for a two-level improvement; and Internal control and inspection of EPCs must be done by the autonomous regions, because lately there is almost no control and inspection of new construction or major retrofitting.
Buildings have an impact on long-term energy consumption. Given the long renovation cycle for existing buildings, new, and existing buildings that are subject to major renovation should meet minimum energy performance requirements adapted to the local climate [28] . As the application of alternative energy supply systems is not generally explored to its full potential, alternative energy supply systems should be considered for new buildings, regardless of their size, pursuant to the principle of first ensuring that the cost of heating and cooling energy requirements is reduced to optimal levels.
The Spanish autonomous regions have the authority to inspect, control and renew EPCs. Without their involvement, it would be impossible to achieve the goals set by government regulations.
An EPC regulation without enforcement leads to lack of compliance. Measures that can be taken to increase their effectiveness are [28] : Impose sanctions to increase compliance with the regulation; Provide public access to the certificate database; Spot checks of certificates would increase quality of both certificates and independent experts; Subsidy systems would increase the impact of the EPBD, because it is widely accepted by the public; Citizen awareness and education would make the EPC increase property value; and Increase taxes on less efficient housing. Herring [29] suggests that a more effective way to reduce energy consumption is by taxing it, even though this involves an economic cost to society.
Measures are needed to increase the number of buildings which not only fulfill current minimum energy performance requirements, but are also more energy efficient, thereby reducing both energy consumption and carbon dioxide emissions [15] .
The EPC is a good tool, necessary for finding out the real status of existing buildings and helping to make them more efficient. For example the EPC of a household labeled G, must make improvements decreasing its energy performance by two levels, and the owner must decide whether to carry them out. These measures have to take into account in addition to its thermal characteristics, other factors that play an increasingly important role, such as heating and air-conditioning installations, use of renewable energy resources, passive heating and cooling elements, shading, indoor air-quality, adequate natural lighting, and building design. The methodology for calculating energy performance should be based not only on the season in which heating is required, but should cover the annual energy performance of a building. That methodology must always take into account existing European standards.
To motivate the owner, the measures could include direct subsidies, subsidised loan schemes or low interest loans, grant and loan guarantee schemes. Authorities and other institutions which provide such financial measures could link their application to energy performance certification [15] .
One of the main problems in Spain is the large stock of housing for sale built under the old legislation (before RD 31/14 and RD 47/2007). Development of the built-up area in 2005 multiplied almost 2.5 times compared to 1990. In this period, the majority of this area was covered by housing. For example, in 2005 it represented 98.3% compared to tertiary sector buildings. This excessive construction led to low-quality construction and low energy efficiency.
Final energy consumption by use shows that air-conditioning, given its seasonality, does not have a significant impact on consumption, although it contributes toward generation of the peak electricity demand, which contributes to local electricity supply problems in summer when outdoor temperatures are much higher [26] . It should be emphasized that thermal installations (heating and hot water) represent two thirds of residential energy consumption.
A comparison of energy consumption for heating an average Spanish home with one in the rest of Europe is also interesting. The milder Spanish winter accounts for its lower percentage of 41.7% of total home consumption used for heating compared to 67.9% for Europe [26] . It should be borne in mind that the percentage of built up area occupied by housing is higher than any other use, and only two out of three houses are intended as the main residence [26] . It can therefore be concluded that the growth in energy consumption is not proportional to the growth in built-up area, which is why this variable cannot be used as the sole figure in predicting consumption in this sector. If energy intensity in the Spanish residential sector is compared with other countries in the EU, it is observed that expressed in tep/dwelling, the residential sector in Spain is approximately 60% of the European average [26] , which corresponds closely to figures for other Mediterranean countries, such as Greece or Italy.
The Spanish public sector holds a large number of properties, but the lack of money caused by the current economic crisis is a problem for regulatory compliance [15] . The public sector should lead the way in the field of energy performance of buildings, and therefore, national plans should set more ambitious targets for the buildings occupied by public authorities.
Conclusions: trends and future challenges of energy efficiency in Spain
Energy efficiency of buildings in Spain is improving more slowly than in other European countries. The Draft Royal Decree 2012 could provide a new opportunity for recovering lost time. However, this would depend on the involvement of the autonomous regions and public awareness motivated by publicizing the benefits to their property of complying with suggestions for efficiency improvement.
The energy performance of buildings is calculated following existing Spanish legislation based on climate and European standards. Spain has the tools necessary energy performance certification. The official software, which takes most construction methods, heating, cooling, lighting, and hot water systems into account, has been completed.
The problem with current Spanish legislation applicable to new buildings is that it makes no provision for enforcement, and regulation without enforcement leads to lack of compliance. This is because regional governments are not involved due to ignorance and lack of motivation. Progress in energy efficiency is in the hands of the Spanish government. More concrete actions must be taken with a view to achieving the great unrealized potential for energy savings in buildings and reducing the wide differences with other Members States in this sector. However, a solution is difficult due to the economic crisis, the wide gap to be closed with other European countries, demotivation of the citizens on the subject, decentralization of powers in energy matters, and the large stock of unsold housing based on older less efficient regulations so that no new homes are being built.
